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Introduction

The use of psychoactive drugs followed by driving has been an issue of continual concern
to law enforcement officers, physicians, attorneys, forensic toxicologists and traffic
safety professionals in the U.S. and throughout the world. At issue are methods for
identifying the impaired driver on the road, the assessment and documentation of the
impairment they display, the availability of appropriate chemical tests, and the
interpretation of the subsequent results. A panel of international experts on drug-related
driving issues met to review developments in the field of drugs and human performance
over the last 10 years; to identify the specific effects that both illicit and prescription
drugs have on driving; and to develop guidance for others when dealing with drug-
impaired driving problems.

This publication is based on the deliberations of the International Consultative Panel on
Drugs and Driving Impairment held in Seattle, WA in August 2000. This meeting was
sponsored by the National Safety Council, Committee on Alcohol and other Drugs; the
State of Washington Traffic Safety Commission; and the National Highway Traffic
Safety Administration. Delegates represented the fields of psychopharmacology,
behavioral psychology, drug chemistry, forensic toxicology, medicine, and law
enforcement experts trained in the recognition of drug effects on drivers in the field. The
Fact Sheets reflect the conclusions of the Panel and have been designed to provide
practical guidance to toxicologists, pharmacologists, law enforcement officers, attorneys
and the general public on issues related to drug impaired driving.

Sixteen drugs were selected for review and include over-the-counter medications,
prescription drugs, and illicit and/or abused drugs. The selected drugs are
cannabis/marijuana, carisoprodol, cocaine, dextromethorphan, diazepam,
diphenhydramine, gamma-hydroxybutyrate, ketamine, lysergic acid diethylamide,
methadone, methamphetamine/amphetamine, methylenedioxymethamphetmaine,
morphine/heroin, phencyclidine, toluene, and zolpidem.

The Fact Sheets are based on the state of current scientific knowledge and represent the
conclusions of the panel. They have been designed to provide practical guidance to
toxicologists, pharmacologists, law enforcement officers, attorneys and the general public
to use in the evaluation of future cases. Each individual drug Fact Sheet covers
information regarding drug chemistry, usage and dosage information, pharmacology,
drug effects, effects on driving, drug evaluation and classification (DEC), and the panel’s
assessment of driving risks. A list of key references and recommended reading is also
provided for each drug. Readers are encouraged to use the Fact Sheets in connection with
the other cited impaired driving-related texts.

The information provided is uniform for all the Fact Sheets and provides details on the
physical description of the drug, synonyms, and pharmaceutical or illicit sources; medical
and recreational uses, recommended and abused doses, typical routes of administration,
and potency and purity; mechanism of drug action and major receptor sites; drug
absorption, distribution, metabolism and elimination data; blood and urine
concentrations; psychological and physiological effects, and drug interactions; drug
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effects on psychomotor performance effects; driving simulator and epidemiology studies;
and drug recognition evaluation profiles. Each Fact Sheet concludes with general
statements about the drugs’ ability to impair driving performance. The authors strongly
believe that all the above information needs to be taken into account when evaluating a
drug.

Case interpretation can be complicated by a number of factors and one of the main
limitations of the Fact Sheets is that they primarily relate to single drug use. Other factors
which influence the risk of effects on driving for any drug include the dose, the dosage
frequency, acute and residual effects, chronic administration, route of administration, the
concentration of the drug at the site of action, idiosyncrasies of metabolism, drug
tolerance or hypersensitivity, and the combined effects of the drug with other drugs or
alcohol, to name but a few.

Individual Fact Sheets

Cannabis/Marijuana

Carisoprodol (and Meprobamate)

Cocaine

Dextromethorphan

Diazepam

Diphenhydramine

Gamma-Hydroxybutyrate (GHB, GBL, and 1,4-BD)
Ketamine

Lysergic acid diethylamide (LSD)

Methadone

Methamphetamine (and Amphetamine)
Methylenedioxymethamphetamine (MDMA, Ecstasy)
Morphine (and Heroin)

Phencyclidine (PCP)

Toluene

Zolpidem (and Zaleplon, Zopiclone)

Lead Authors:
Fiona Couper, Ph.D. and Barry Logan, Ph.D.

Main contributors:

Michael J Corbett, Ph.D., Laurel Farrell, BS, Marilyn Huestis Ph.D., Wayne Jeffrey, BS,
Jan Raemakers Ph.D.



Other delegates to the consensus conference:

Marcelline Burns, Ph.D.; Yale Caplan, Ph.D.; Dennis Crouch, BS, MBA; Johann De
Gier, Ph.D.; Olaf Drummer Ph.D.; Kurt Dubowski, Ph.D.; Robert Forney Jr., Ph.D.;
Bernd Freidel, M.D.; Manfred Moeller, Ph.D.; Thomas Page, BA; Lionel Raymon,
Pharm.D., Ph.D., Wim Riedel, Ph.D.; Laurent Rivier, Ph.D.; Annemiek Vermeeren,
Ph.D. and H. Chip Walls BS. Other participants included James F. Frank, Ph.D. from the
NHTSA Office of Research & Technology; Sgt. Steven Johnson of the Washington State
Patrol; Capt. Chuck Hayes of the Oregon State Patrol; and Sgt. Douglas Paquette of the
New York State Police.

Disclaimer
The information contained in the Drugs and Human Performance Fact Sheets represents

the views of the contributors and not necessarily those of their place of employment or
the National Highway Traffic Safety Administration.






Cannabis / Marijuana (A’-Tetrahydrocannabinol, THC)

Marijuana is a green or gray mixture of dried shredded flowers and leaves of the hemp
plant Cannabis sativa. Hashish consists of resinous secretions of the cannabis plant.
Dronabinol (synthetic THC) is a light yellow resinous oil.

Synonyms: Cannabis, marijuana, pot, reefer, buds, grass, weed, dope, ganja, herb,
boom, gangster, Mary Jane, sinsemilla, shit, joint, hash, hash oil, blow, blunt, green,
kilobricks, Thai sticks; Marinol®

Source: Cannabis contains chemicals called cannabinoids, including cannabinol,
cannabidiol, cannabinolidic acids, cannabigerol, cannabichromene, and several isomers
of tetrahydrocannabinol (THC). One of these isomers, Ag-THC, is believed to be
responsible for most of the characteristic psychoactive effects of cannabis. Marijuana
refers to the leaves and flowering tops of the cannabis plant; the buds are often preferred
because of their higher THC content. Hashish consists of the THC-rich resinous
secretions of the plant, which are collected, dried, compressed and smoked. Hashish oil is
produced by extracting the cannabinoids from plant material with a solvent. In the U. S.,
marijuana, hashish and hashish oil are Schedule I controlled substances. Dronabinol
(Marinol®) is a Schedule III controlled substance and is available in strengths of 2.5, 5 or
10 mg in round, soft gelatin capsules.

Drug Class: Cannabis/Marijuana: spectrum of behavioral effects is unique, preventing
classification of the drug as a stimulant, sedative, tranquilizer, or hallucinogen.
Dronabinol: appetite stimulant, antiemetic.

Medical and Recreational Uses: Medicinal: Indicated for the treatment of anorexia
associated with weight loss in patients with AIDS, and to treat mild to moderate nausea
and vomiting associated with cancer chemotherapy. Recreational: Marijuana is used for
its mood altering effects, euphoria, and relaxation. Marijuana is the most commonly used
illicit drug throughout the world.

Potency, Purity and Dose: THC is the major psychoactive constituent of cannabis.
Potency is dependent on THC concentration and is usually expressed as % THC per dry
weight of material. Average THC concentration in marijuana is 1-5%, hashish 5-15%,
and hashish oil = 20%. The form of marijuana known as sinsemilla is derived from the
unpollinated female cannabis plant and is preferred for its high THC content (up to 17%
THC). Recreational doses are highly variable and users often titer their own dose. A
single intake of smoke from a pipe or joint is called a hit (approximately 1/20th of a
gram). The lower the potency or THC content the more hits are needed to achieve the
desired effects; 1-3 hits of high potency sinsemilla is typically enough to produce the
desired effects. In terms of its psychoactive effect, a drop or two of hash oil on a cigarette
is equal to a single “joint” of marijuana. Medicinally, the initial starting dose of
Marinol® is 2.5 mg, twice daily.

Route of Administration: Marijuana is usually smoked as a cigarette (‘joint’) or in a
pipe or bong. Hollowed out cigars packed with marijuana are also common and are called
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*. Joints and blunts are often laced with adulterants including PCP or crack cocaine.
Joints can also be dipped in liquid PCP or in codeine cough syrup. Marijuana is also
orally ingested.

Pharmacodynamics: THC binds to cannabinoid receptors and interferes with important
endogenous cannabinoid neurotransmitter systems. Receptor distribution correlates with
brain areas involved in physiological, psychomotor and cognitive effects.
Correspondingly, THC produces alterations in motor behavior, perception, cognition,
memory, learning, endocrine function, food intake, and regulation of body temperature.

Pharmacokinetics: Absorption is slower following the oral route of administration with
lower, more delayed peak THC levels. Bioavailability is reduced following oral ingestion
due to extensive first pass metabolism. Smoking marijuana results in rapid absorption
with peak THC plasma concentrations occurring prior to the end of smoking.
Concentrations vary depending on the potency of marijuana and the manner in which the
drug is smoked, however, peak plasma concentrations of 100-200 ng/mL are routinely
encountered. Plasma THC concentrations generally fall below 5 ng/mL less than 3 hours
after smoking. THC is highly lipid soluble, and plasma and urinary elimination half-lives
are best estimated at 3-4 days, where the rate-limiting step is the slow redistribution to
plasma of THC sequestered in the tissues. Shorter half-lives are generally reported due to
limited collection intervals and less sensitive analytical methods. Plasma THC
concentrations in occasional users rapidly fall below limits of quantitation within 8 to 12
h. THC is rapidly and extensively metabolized with very little THC being excreted
unchanged from the body. THC is primarily metabolized to 11-hydroxy-THC which has
equipotent psychoactivity. The 11-hydroxy-THC is then rapidly metabolized to the 11-
nor-9-carboxy-THC (THC-COOH) which is not psychoactive. A majority of THC is
excreted via the feces (~65%) with approximately 30% of the THC being eliminated in
the urine as conjugated glucuronic acids and free THC hydroxylated metabolites.

Molecular Interactions / Receptor Chemistry: THC is metabolized via cytochrome
P450 2C9, 2C11, and 3A isoenzymes. Potential inhibitors of these isoenzymes could
decrease the rate of THC elimination if administered concurrently, while potential
inducers could increase the rate of elimination.

Blood to Plasma Concentration Ratio: 0.55

Interpretation of Blood Concentrations: 1t is difficult to establish a relationship
between a person's THC blood or plasma concentration and performance impairing
effects. Concentrations of parent drug and metabolite are very dependent on pattern of
use as well as dose. THC concentrations typically peak during the act of smoking, while
peak 11-OH THC concentrations occur approximately 9-23 minutes after the start of
smoking. Concentrations of both analytes decline rapidly and are often < 5 ng/mL at 3
hours. Significant THC concentrations (7 to 18 ng/mL) are noted following even a single
puff or hit of a marijuana cigarette. Peak plasma THC concentrations ranged from 46-188
ng/mL in 6 subjects after they smoked 8.8 mg THC over 10 minutes. Chronic users can
have mean plasma levels of THC-COOH of 45 ng/mL, 12 hours after use; corresponding



THC levels are, however, less than 1 ng/mL. Following oral administration, THC
concentrations peak at 1-3 hours and are lower than after smoking. Dronabinol and THC-
COOH are present in equal concentrations in plasma and concentrations peak at
approximately 2-4 hours after dosing.

It is inadvisable to try and predict effects based on blood THC concentrations
alone, and currently impossible to predict specific effects based on THC-COOH
concentrations. It is possible for a person to be affected by marijuana use with
concentrations of THC in their blood below the limit of detection of the method.
Mathematical models have been developed to estimate the time of marijuana exposure
within a 95% confidence interval. Knowing the elapsed time from marijuana exposure
can then be used to predict impairment in concurrent cognitive and psychomotor effects
based on data in the published literature.

Interpretation of Urine Test Results: Detection of total THC metabolites in urine,
primarily THC-COOH-glucuronide, only indicates prior THC exposure. Detection time
is well past the window of intoxication and impairment. Published excretion data from
controlled clinical studies may provide a reference for evaluating urine cannabinoid
concentrations; however, these data are generally reflective of occasional marijuana use
rather than heavy, chronic marijuana exposure. It can take as long as 4 hours for THC-
COOH to appear in the urine at concentrations sufficient to trigger an immunoassay (at
50ng/mL) following smoking. Positive test results generally indicate use within 1-3 days;
however, the detection window could be significantly longer following heavy, chronic,
use. Following single doses of Marinol®, low levels of dronabinol metabolites have been
detected for more than 5 weeks in urine. Low concentrations of THC have also been
measured in over-the-counter hemp oil products — consumption of these products may
produce positive urine cannabinoid test results.

Effects: Pharmacological effects of marijuana vary with dose, route of administration,
experience of user, vulnerability to psychoactive effects, and setting of use.
Psychological: At recreational doses, effects include relaxation, euphoria, relaxed
inhibitions, sense of well-being, disorientation, altered time and space perception, lack of
concentration, impaired learning and memory, alterations in thought formation and
expression, drowsiness, sedation, mood changes such as panic reactions and paranoia,
and a more vivid sense of taste, sight, smell, and hearing. Stronger doses intensify
reactions and may cause fluctuating emotions, flights of fragmentary thoughts with
disturbed associations, a dulling of attention despite an illusion of heightened insight,
image distortion, and psychosis.

Physiological: The most frequent effects include increased heart rate, reddening of the
eyes, dry mouth and throat, increased appetite, and vasodilatation.

Side Effect Profile: Fatigue, paranoia, possible psychosis, memory problems,
depersonalization, mood alterations, urinary retention, constipation, decreased motor
coordination, lethargy, slurred speech, and dizziness. Impaired health including lung
damage, behavioral changes, and reproductive, cardiovascular and immunological effects
have been associated with regular marijuana use. Regular and chronic marijuana smokers
may have many of the same respiratory problems that tobacco smokers have (daily cough



and phlegm, symptoms of chronic bronchitis), as the amount of tar inhaled and the level
of carbon monoxide absorbed by marijuana smokers is 3 to 5 times greater than among
tobacco smokers. Smoking marijuana while shooting up cocaine has the potential to
cause severe increases in heart rate and blood pressure.

Duration of Effects: Effects from smoking cannabis products are felt within minutes
and reach their peak in 10-30 minutes. Typical marijuana smokers experience a high that
lasts approximately 2 hours. Most behavioral and physiological effects return to baseline
levels within 3-5 hours after drug use, although some investigators have demonstrated
residual effects in specific behaviors up to 24 hours, such as complex divided attention
tasks. Psychomotor impairment can persist after the perceived high has dissipated. In
long term users, even after periods of abstinence, selective attention (ability to filter out
irrelevant information) has been shown to be adversely affected with increasing duration
of use, and speed of information processing has been shown to be impaired with
increasing frequency of use. Dronabinol has an onset of 30-60 minutes, peak effects
occur at 2-4 hours, and it can stimulate the appetite for up to 24 hours.

Tolerance, Dependence and Withdrawal Effect: Tolerance may develop to some
pharmacological effects of dronabinol. Tolerance to many of the effects of marijuana
may develop rapidly after only a few doses, but also disappears rapidly. Marijuana is
addicting as it causes compulsive drug craving, seeking, and use, even in the face of
negative health and social consequences. Additionally, animal studies suggests marijuana
causes physical dependence. A withdrawal syndrome is commonly seen in chronic
marijuana users following abrupt discontinuation. Symptoms include restlessness,
irritability, mild agitation, hyperactivity, insomnia, nausea, cramping, decreased appetite,
sweating, and increased dreaming.

Drug Interactions: Cocaine and amphetamines may lead to increased hypertension,
tachycardia and possible cardiotoxicity. Benzodiazepines, barbiturates, ethanol, opioids,
antihistamines, muscle relaxants and other CNS depressants increase drowsiness and
CNS depression. When taken concurrently with alcohol, marijuana is more likely to be a
traffic safety risk factor than when consumed alone.

Performance Effects: The short term effects of marijuana use include problems with
memory and learning, distorted perception, difficultly in thinking and problem-solving,
and loss of coordination. Heavy users may have increased difficulty sustaining attention,
shifting attention to meet the demands of changes in the environment, and in registering,
processing and using information. In general, laboratory performance studies indicate that
sensory functions are not highly impaired, but perceptual functions are significantly
affected. The ability to concentrate and maintain attention are decreased during marijuana
use, and impairment of hand-eye coordination is dose-related over a wide range of
dosages. Impairment in retention time and tracking, subjective sleepiness, distortion of
time and distance, vigilance, and loss of coordination in divided attention tasks have been
reported. Note however, that subjects can often “pull themselves together” to concentrate
on simple tasks for brief periods of time. Significant performance impairments are
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usually observed for at least 1-2 hours following marijuana use, and residual effects have
been reported up to 24 hours.

Effects on Driving: The drug manufacturer suggests that patients receiving treatment
with Marinol® should be specifically warned not to drive until it is established that they
are able to tolerate the drug and perform such tasks safely. Epidemiology data from road
traffic arrests and fatalities indicate that after alcohol, marijuana is the most frequently
detected psychoactive substance among driving populations. Marijuana has been shown
to impair performance on driving simulator tasks and on open and closed driving courses
for up to approximately 3 hours. Decreased car handling performance, increased reaction
times, impaired time and distance estimation, inability to maintain headway, lateral
travel, subjective sleepiness, motor incoordination, and impaired sustained vigilance have
all been reported. Some drivers may actually be able to improve performance for brief
periods by overcompensating for self-perceived impairment. The greater the demands
placed on the driver, however, the more critical the likely impairment. Marijuana may
particularly impair monotonous and prolonged driving. Decision times to evaluate
situations and determine appropriate responses increase. Mixing alcohol and marijuana
may dramatically produce effects greater than either drug on its own.

DEC Category: Cannabis

DEC Profile: Horizontal gaze nystagmus not present; vertical gaze nystagmus not
present; lack of convergence present; pupil size normal to dilated; reaction to light
normal to slow; pulse rate elevated; blood pressure elevated; body temperature normal to
elevated. Other characteristic indicators may include odor of marijuana in car or on
subject’s breath, marijuana debris in mouth, green coating of tongue, bloodshot eyes,
body and eyelid tremors, relaxed inhibitions, incomplete thought process, and poor
performance on field sobriety tests.

Panel’s Assessment of Driving Risks: Low doses of THC moderately impair cognitive
and psychomotor tasks associated with driving, while severe driving impairment is
observed with high doses, chronic use and in combination with low doses of alcohol The
more difficult and unpredictable the task, the more likely marijuana will impair
performance.
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Carisoprodol (and Meprobamate)
Carisoprodol is a white, crystalline powder. Meprobamate is a white powder. Both are
available in tablet form.

Synonyms: Carisoprodol: N-isopropyl-2-methyl-2-propyl-1,3-propanediol dicarbamate;
Soma®, Sodol®, Soprodol®, Soridol®. Meprobamate: Miltown®, Equanil®,
Equagesic®, Meprospan®.

Source: Carisoprodol and meprobamate are available by prescription only.
Carisoprodol itself is not a federally scheduled compound, while meprobamate is a
Schedule IV drug. Soma® is available as a 350 mg strength round, white tablet; Soma®
Compound is a 250 mg strength two-layered, white and light orange round tablet (also
contains aspirin); and Soma® Compound with Codeine is a 250 mg strength two-layered,
white and yellow oval tablet (also contains aspirin and codeine phosphate) and is a
schedule III controlled substance. Miltown® is available as a 200 mg and 400 mg
strength white tablet; Equanil® is a 200 mg and 400 mg strength tablet; and Equagesic®
is a 200 mg strength two-layered, pink and yellow, round tablet (also contains aspirin).

Drug Class: Carisoprodol: muscle relaxant, CNS depressant; Meprobamate:
antianxiety, CNS depressant.

Medicinal and Recreational Uses: Carisoprodol is a centrally acting skeletal muscle
relaxant prescribed for the treatment of acute, musculoskeletal pain. Meprobamate is a
major metabolite of carisoprodol, and is a CNS depressant in its own right, indicated for
the management of anxiety disorders or for short-term treatment of anxiety symptoms.
Use of these drugs begins with prescription for muscular pain or anxiety, and abuse
develops for their sedative-hypnotic effects, resulting in increased dosage without
medical advice, or continued use after pain or anxiety has subsided.

Potency, Purity and Dose: Carisoprodol is present as a racemic mixture. During
treatment, the recommended dose of carisoprodol is for one 350 mg tablet taken three
times daily and at bedtime (1400 mg/day). The usual dose for meprobamate is one
400 mg taken four times daily, or daily divided doses of up to 2400 mg. To control
chronic pain, carisoprodol is often taken concurrently with other drugs, particularly
opiates, benzodiazepines, barbiturates, and other muscle relaxants.

Route of Administration: Oral.

Pharmacodynamics: The pharmacological effects of carisoprodol appear to be due to
the combination of the effects of carisoprodol and its active metabolite, meprobamate.
Meprobamate is equipotent to carisoprodol. There is some evidence suggesting
carisoprodol is a GABA 4 receptor indirect agonist with CNS chloride ion channel
conductance effects. In animals, carisoprodol produces muscle relaxation by blocking
interneuronal activity and depressing transmission of polysynaptic neurons in the
descending reticular formation and spinal cord. It is unknown if this mechanism of action
is also present in humans. In addition to the desired skeletal muscle relaxing effects,
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carisoprodol and meprobamate produce weak anticholinergic, antipyretic and analgesic
properties.

Pharmacokinetics: Carisoprodol is rapidly absorbed from the gastrointestinal tract and
rapidly distributed throughout the CNS. Protein binding is approximately 60%.
Carisoprodol is predominantly dealkylated to meprobamate in the liver, and to a lesser
extent hydroxylated to hydroxycarisoprodol and hydroxymeprobamate, followed by
conjugation and excretion. The half-life of carisoprodol is approximately 100 minutes.
Some individuals have impaired metabolism of carisoprodol, and exhibit a half life of 2-3
times that in normal subjects. The half-life of meprobamate is many times longer,
between 6 and 17 hours. As a result of the significantly longer half-life of meprobamate
relative to carisoprodol, accumulation of meprobamate during chronic therapy may occur.

Molecular Interactions / Receptor Chemistry: The cytochrome P450 2C19 isoenzyme
is responsible for the conversion of carisoprodol to meprobamate. Potential inhibitors of
the 2C19 isoenzyme could decrease the rate of drug elimination if administered
concurrently, while potential inducers of the 2C19 isoenzyme could increase the rate of
elimination.

Blood to Plasma Concentration Ratio: Data not available for carisoprodol; 3.3 to 5.0
for meprobamate.

Interpretation of Blood Concentrations: Following therapeutic doses of carisoprodol,
blood concentrations are typically between 1 and 5 mg/L for carisoprodol, and between 2
and 6 mg/L for meprobamate. A single oral dose of 350 mg carisoprodol produced
average peak plasma concentrations of 2.1 mg/L carisoprodol at one hour, declining to
0.24 mg/L at 6 hours. Following a single oral dose of 700 mg, average peak plasma
concentrations of carisoprodol were 3.5 mg/L at 45 minutes, and meprobamate
concentrations of 4.0 mg/L were obtained in 220 minutes. A single oral dose of 700 mg
carisoprodol has also produced peak plasma concentrations of 4.8 mg/L carisoprodol.
Following administration of meprobamate in the treatment of anxiety, concentrations are
typically around 10 mg/L, but can range between 3 and 26 mg/L. A single oral dose of
1200 mg meprobamate produced concentrations of 15.6 mg/L at 4 hours. Plasma
meprobamate concentrations of greater than 100 mg/L have been associated with deep
coma; light coma between 60 and 120 mg/L; and patients with levels below 50 mg/L are
invariably conscious.

Interpretation of Urine Test Results: Both drugs are excreted into the urine and are
likely be detectable for several days following cessation of use. Less than 1% of a single
oral dose of carisoprodol is excreted unchanged in the 24 hour urine, with meprobamate
accounting for 4.7% of the dose. Following administration of meprobamate, up to 11% of
a single dose is excreted in the urine in 24 hours.

Effects:

Psychological: Dizziness, drowsiness, sedation, confusion, disorientation, slowed
thinking, lack of comprehension, drunken behavior, obtunded, coma.
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Physiological: CNS depression, nystagmus (becoming more evident as concentrations
increase), loss of balance and coordination, sluggish movements, slurred speech,
bloodshot eyes, ataxia, tremor, sleep disturbances.

Side Effect Profile: Agitation, tremor, paresthesia, irritability, depression, facial
flushing, headache, vertigo, postural hypotension, fainting, weakness, loss of balance and
coordination, impairment of visual accommodation, tachycardia, nausea, vomiting, and
stomach upset. In abuse or overdose, subjects are consistently sedated and obtunded,
frequently becoming comatose. Overdose symptoms may include shallow breathing,
clammy skin, dilated pupils, weak and rapid pulse, paradoxical excitement and insomnia,
convulsions, and possible death. Meprobamate overdose can produce drowsiness, ataxia,
severe respiratory depression, severe hypotension, shock, heart failure, and death.

Duration of Effects: The effects of carisoprodol begin within 30 minutes of oral
administration, and last for up to 4-6 hours. In overdose, coma may last from several
hours to a day or more. Meprobamate has a much longer duration of effect than
carisoprodol due to a much longer half-life.

Tolerance, Dependence and Withdrawal: Development of abuse and moderate physical
and psychological dependence can occur with chronic use of both carisoprodol and
meprobamate. Abrupt discontinuation of long-term use can be followed by mild
withdrawal symptoms such as anxiety, abdominal cramps, insomnia, headache, nausea,
vomiting, ataxia, tremor, muscle twitching, confusion, and occasionally chills,
convulsions and hallucinations. Onset of withdrawal from meprobamate occurs within
12-48 hours following cessation of use, and can last a further 12-48 hours. Carisoprodol
has been shown to produce cross-tolerance to barbiturates.

Drug Interactions: Alcohol enhances the impairment of physical abilities produced by
carisoprodol, and increased sedation, extreme weakness, dizziness, agitation, euphoria
and confusion may be observed. Alcohol also inhibits the metabolism of meprobamate
and produces an additive depressant effect on the CNS that includes sleepiness,
disorientation, incoherence and confusion. The concurrent administration of other
centrally acting drugs such as opiates, benzodiazepines, barbiturates, and other muscle
relaxants can contribute to impairment. Meprobamate may enhance the analgesic effects
of other drugs.

Performance Effects: Very limited studies are available for carisoprodol, however,
single oral doses of 700 mg have not been shown to affect psychomotor and cognitive
tests within 3 hours of dosing, to a significant degree. In contrast, single doses of
meprobamate are capable of causing significant performance impairment. Performance
effects include impaired divided attention, impaired coordination and balance, slowed
reflexes and increased reaction time. With chronic dosing of either drug, it is likely that
decrements in psychomotor performance would be even more pronounced.

Effects on Driving: The drug manufacturer suggests patients should be warned that
carisoprodol and meprobamate may impair the mental and/or physical abilities required
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for the performance of potentially hazardous tasks, such as driving a motor vehicle.
Reported signs of psychomotor and cognitive impairment in subjects found to be driving
under the influence of carisoprodol/meprobamate include poor perception, impaired
reaction time, slow driving, confusion, disorientation, inattentiveness, slurred or thick
speech, slow responses, somnolence, lack of balance and coordination, unsteadiness, and
difficulty standing, walking or exiting vehicles.

Logan et al., 2000 describes 21 driving under the influence cases where
carisoprodol and/or meprobamate were the only drugs detected. The mean carisoprodol
and meprobamate concentrations were 4.6 mg/L (range 0-15 mg/L) and 14.5 mg/L (range
1-36 mg/L), respectively. Signs of impairment were noted at blood concentrations as low
as 1 mg/L of meprobamate, however, the most severe driving impairment and the most
overt symptoms of intoxication occurred in drivers whose combined carisoprodol and
meprobamate blood concentrations were greater than 10 mg/L. Signs consistent with
CNS depression were typically observed, including poor balance and coordination,
horizontal gaze nystagmus, slurred speech, dazed or groggy appearance, depressed
reflexes, slow movements, disorientation to place and time, and a tendency to dose off or
fall asleep. Many subjects were involved in accidents, and other observed driving
behaviors included extreme lane travel and weaving, striking other vehicles and fixed
objects, slow speed, and hit and run accidents where the subject appeared unaware they
had hit another vehicle.

DEC Category: CNS depressant

DEC Profile: Horizontal gaze nystagmus present; vertical gaze nystagmus may be
present in high doses; lack of convergence present; pupil size normal to dilated; reaction
to light slow; pulse rate normal to down; blood pressure normal to down; body
temperature normal to down. Other characteristic indicators may include slurred speech,
drowsiness, disorientation, drunken behavior without the odor of alcohol, and poor
performance on field sobriety tests.

Panel’s Assessment of Driving Risks: A single therapeutic dose of carisoprodol is
unlikely to cause significant performance impairment. However, single therapeutic doses
of meprobamate and chronic doses of carisoprodol may produce moderate to severe
impairment of psychomotor skills associated with safe driving.
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Cocaine

Cocaine hydrochloride is a white to light brown crystalline powder, shiny rather than dull
in appearance. Cocaine base is white to beige in color; waxy/soapy to flaky solid chunks.

Synonyms: Methylbenzoylecgonine. Cocaine hydrochloride: coke, snow, flake, blow,
cane, dust, shake, toot, nose candy, white lady. Cocaine base: crack, rock, free-base.

Source: Naturally derived CNS stimulant extracted and refined from the leaves of the
coca plant (Erythroxylon coca), grown primarily in the Andean region of South America
and to a lesser extent in India, Africa and Indonesia. The picked coca leaves are dried in
the open air and then “stomped” as part of the process to extract the alkaloid, resulting in
coca paste and eventually cocaine hydrochloride. It is illegal to possess and sell cocaine
in the U.S. and cocaine is a Schedule II controlled substance. “Crack” is the street name
given to cocaine that has been processed from cocaine hydrochloride. It is prepared by
adding baking soda to aqueous cocaine hydrochloride and heating it until the free-base
cocaine precipitates into small pellets. The mixture is cooled and filtered, and then the
“rocks” are smoked in a crack pipe.

Drug Class: CNS stimulant, local anesthetic.

Medical and Recreational Uses: Minor use as a topical local anesthetic for ear, nose
and throat surgery. Traditionally, the coca leaves are chewed or brewed into a tea for
refreshment and to relieve fatigue. Recreationally, cocaine is used to increase alertness,
relieve fatigue, feel stronger and more decisive, and is abused for its intense euphoric
effects.

Potency, Purity and Dose: In ear, nose and throat surgery cocaine is commercially
supplied as the hydrochloride salt in a 40 or 100 mg/mL solution. Depending on the
demographic region, street purity of cocaine hydrochloride can range from 20-95%,
while that of crack cocaine is 20-80%. The hydrochloride powder is often diluted with a
variety of substances such as sugars for bulk (lactose, sucrose, inositol, mannitol), other
CNS stimulants (caffeine, ephedrine, phenylpropanolamine), or other local anesthetics
(lidocaine, procaine, benzocaine). Commonly abused doses are 10-120 mg. Repeated
doses are frequently taken to avoid the dysphoric crash that often follows the initial
intense euphoric effects. Cocaine is frequently used in combination with other drugs;
injected with heroin (“speedball”) or taken with alcohol to reduce irritability; smoked
with phencyclidine (“tick”); and smoked in marijuana blunts (“turbo”).

Route of Administration: Topically applied for use as a local anesthetic. Recreationally,
coca leaves can be chewed, however, cocaine abusers typically smoke “crack” in a glass
pipe or inject the hydrochloride salt intravenously. Cocaine hydrochloride can be
smoked to some effect but this is very inefficient as the powder tends to burn rather than
vaporize. Snorting (insufflation/intranasal) is also popular. Subcutaneous injection (skin-
popping) is rarely used.
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Pharmacodynamics: Cocaine is a strong CNS stimulant that interferes with the
reabsorption process of catecholamines, particularly dopamine, a chemical messenger
associated with pleasure and movement. Cocaine prevents the reuptake of dopamine by
blocking the dopamine transporter which leads to increased extracellular dopamine,
resulting in chronic stimulation of postsynaptic dopamine receptors. This results in the
euphoric ‘rush’. When dopamine levels subsequently fall, users experience a dysphoric
‘crash’. Similarly, cocaine interferes with the uptake of norepinephrine and serotonin (5-
HT), leading to accumulation of these neurotransmitters at postsynaptic receptors. As a
local anesthetic, cocaine reversibly blocks the initiation and conduction of the nerve
impulse. Cocaine additionally produces vasoconstriction and dilated pupils.

Pharmacokinetics: Cocaine is rapidly absorbed following smoking, snorting and
intravenous administration. Bioavailability is 57% following snorting and ~70%
following smoking. Cocaine is 91% bound in plasma. Cocaine is extensively metabolized
to a variety of compounds: benzoylecgonine, ecgonine, and ecgonine methyl ester are the
major metabolites and are centrally inactive. Benzoylecgonine is produced upon loss of
the methyl group and is the major urinary metabolite. Norcocaine is a very minor
metabolite, but is active and neurotoxic. Cocaethylene, formed following concurrent
ingestion of cocaine and alcohol, is also active and is equipotent to cocaine in blocking
dopamine reuptake. The apparent half-life for cocaine is short, approximately

0.8 £ 0.2 hours, while the half-life of benzoylecgonine is 6 hours.

Molecular Interactions / Receptor Chemistry: The cytochrome P450 3A4 isoenzyme is
responsible for the N-demethylation of cocaine to norcocaine. Potential inhibitors of the
3A4 isoenzyme could decrease the rate of drug elimination if administered concurrently,
while potential inducers could increase the rate of drug elimination. Cocaine itself is an
inhibitor of the CYP2D6 isoform.

Blood to Plasma Concentration Ratio: averages ~ 1.0

Interpretation of Blood Concentrations: The presence of cocaine at a given blood
concentration cannot usually be associated with a degree of impairment or a specific
effect for a given individual without additional information. This is due to many factors,
including individual levels of tolerance to the drug and artifactual changes in cocaine
concentrations on storage. There is a large overlap between therapeutic, toxic and lethal
cocaine concentrations and adverse reactions have been reported after prolonged use even
with no measurable parent drug in the blood. Typical concentrations in abuse range from
0-1mg/L, however, concentrations up to Smg/L and higher are survivable in tolerant
individuals. After single doses of cocaine, plasma concentration typically average 0.2-0.4
mg/L. Repeated doses of cocaine may result in concentrations greater than 0.75 mg/L.
Following intranasal administration of 106 mg, peak plasma concentrations of
cocaine averaged 0.22 mg/L at 30 minutes, while benzoylecgonine concentrations
averaged 0.61 mg/L at 3 hours. Oral administration of 140 mg/70 kg cocaine resulted in
peak plasma concentrations averaging 0.21 mg/L of cocaine at 1 hour. Single 32 mg
intravenous doses of cocaine produced an average peak plasma concentration of 0.31
mg/L of cocaine within 5 minutes. Smoking 50 mg of cocaine base resulted in peak
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plasma cocaine concentrations averaging 0.23 mg/L at ~ 45 minutes and 0.15 mg/L of
benzoylecgonine at 1.5 hours.

Interpretation of Urine Test Results: Urinary excretion is less than 2% for unchanged
cocaine, 26-39% for benzoylecgonine, and 18-22% for ecgonine methyl ester. 64-69% of
the initial dose is recovered after 3 days. Very low concentrations of cocaine may be
detected in urine during the initial few hours, however, benzoylecgonine persists in urine
at detectable concentrations from 2-4 days. Chronic, heavy use of cocaine can result in
detectable amounts of benzoylecgonine in urine for up to 10 days following a binge.

Effects:

Early phase — Psychological: Euphoria, excitation, feelings of well-being, general
arousal, increased sexual excitement, dizziness, self-absorbed, increased focus and
alertness, mental clarity, increased talkativeness, motor restlessness, offsets fatigue,
improved performance in some simple tasks, and loss of appetite. Higher doses may
exhibit a pattern of psychosis with confused and disoriented behavior, delusions,
hallucinations, irritability, fear, paranoia, antisocial behavior, and aggressiveness.
Physiological: Increased heart rate and blood pressure, increased body temperature,
dilated pupils, increased light sensitivity, constriction of peripheral blood vessels, rapid
speech, dyskinesia, nausea, and vomiting.

Late phase - Psychological: Dysphoria, depression, agitation, nervousness, drug craving,
general CNS depression, fatigue, insomnia. Physiological: Itching/picking/scratching,
normal heart rate, normal pupils.

Side Effect Profile: Nervousness, restlessness, tremors, anxiety, and irritability. Chronic
use may lead to personality changes, hyperactivity, psychosis, paranoia, and fear.
Cocaine overdose can be characterized by agitation, enhanced reflexes, hostility,
headache, tachycardia, irregular respiration, chills, nausea, vomiting, abdominal pain, rise
in body temperature, hallucinations, convulsions, delirium, unconsciousness, seizures,
stroke, cerebral hemorrhage, heart failure, and death from respiratory failure. Cocaine
excited delirium is a syndrome often caused by excessive cocaine use, and is associated
with a dissociative state, violence to persons and property, exaggerated strength,
hyperthermia, cardiorespiratory arrest and sudden death.

Burnt lips and fingers from crack pipes are frequently seen, as are rashes and skin
reddening from scratching. Smokers may suffer from acute respiratory problems
including cough, shortness of breath, and severe chest pains with lung trauma and
bleeding. Prolonged cocaine snorting can result in ulceration of the mucous membrane of
the nose. The injecting drug user is at risk for transmitting or acquiring HIV
infection/AIDS if needles or other injection equipment are shared.

Duration of Effects: The faster the absorption the more intense and rapid the high, but
the shorter the duration of action. Injecting cocaine produces an effect within 15-30
seconds. A hit of smoked crack produces an almost immediate intense experience and
will typically produce effects lasting 5-15 minutes. Similarly, snorting cocaine produces
effects almost immediately and the resulting high may last 15-30 minutes. The effects
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onset more slowly after oral ingestion (~1 hour). General effects will persist for 1-2 hours
depending on the dose and late phase effects following binge use may last several days.

Tolerance, Dependence and Withdrawal Effects: Cocaine is a powerfully addictive
drug of abuse and an appreciable initial tolerance to the euphoric high may develop.
Cocaine is psychologically addicting, particularly with heavy or frequent use, and
possibly physically addicting as well. The short duration of effects is one reason leading
to probability of addition. As effects wear off, more drug is frequently administered and a
pattern of repeated use occurs. Following binge use of cocaine, the “crash” can last from
9 hours to 4 days and may consist of agitation, depressed moods, insomnia to
hypersomnolence, and initial drug craving. Withdrawal symptoms can typically last from
1-3 weeks and may consist of alternating low and high drug craving, low to high anxiety,
paranoia, dysphoria, depression, apathy, irritability, disorientation, hunger, fatigue,
bradycardia, and long periods of sleep.

Drug Interactions: The combined use of cocaine and ethanol forms cocaethylene in the
body, a substance which intensifies cocaine’s euphoric effects while possibly increasing
the risk of sudden death. In laboratory studies, cocaine has been shown to partially
reverse some of the adverse effects of alcohol, but may contribute to the detrimental
effects of marijuana.

Performance Effects: Most laboratory-based studies have been limited by the low doses
of cocaine that were allowed. At these single low doses, studies have shown performance
enhancement in attentional abilities and increased behavioral and cortical arousal, but
have no enhancement of effects on learning, memory, and other cognitive processes.
Faster reaction times and diminished effects of fatigue have been observed.
Improvements were greatest in behaviorally impaired subjects (e.g. sleep deprived,
fatigued, or concurrent use of ethanol) and least improvements were observed in well-
rested, healthy subjects. More deleterious effects are expected after higher doses, chronic
ingestion and during drug withdrawal, and include agitation, anxiety, distress, inability to
focus on divided attention tasks, inability to follow directions, confusion, hostility, time
distortion, and poor balance and coordination. Laboratory studies have also demonstrated
increased risk taking (rapid braking or steering) and deleterious effects on vision related
to mydriasis. Self-reported increases in sensitivity to light, seeing halos around bright
objects, flashes or movement of light in peripheral field, difficulty focusing, blurred
vision, and glare recovery problems have been reported.

Effects on Driving: Observed signs of impairment in driving performance have
included subjects speeding, losing control of their vehicle, causing collisions, turning in
front of other vehicles, high-risk behavior, inattentive driving, and poor impulse control.
As the effects of cocaine wear off subjects may suffer from fatigue, depression,
sleepiness, and inattention. In epidemiology studies of driving under the influence cases,
accidents, and fatally injured drivers, between 8-23% of subjects have had cocaine and/or
metabolites detected in their blood. An examination of 253 fatally injured drivers in
Wayne County, Michigan between 1996-1998, found that 10% of cases were positive for
blood cocaine and/or metabolites. On review of accident and witness reports, aggressive
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driving (high speed and loss of vehicle control) was revealed as the most common
finding. Ethanol was detected in 56% of these cases, and all of these drivers lost control
of their vehicles. In Memphis, Tennessee in 1993, 13% of 150 drivers stopped for
reckless driving were determined to be driving under the influence of cocaine based on
observations of behavior and appearance, performance on field sobriety tests, and
positive urine cocaine tests.

A 25 year-old male driver, who made an improper turn against oncoming traffic,
had a blood cocaine concentration of 0.04 mg/L and 0.06 mg/L of benzoylecgonine, 2
hours after the collision. A 30 year-old female caused an accident after failing to stop at a
traffic light; the driver admitted to ingesting a large amount of cocaine ~ 2.5 hours prior
to the collision, and 0.32 mg/L cocaine was detected in her blood 1 hour post accident.

DEC Category: CNS stimulant.

DEC Profile: Horizontal gaze nystagmus not present; vertical gaze nystagmus not
present; lack of convergence not present; pupil size dilated; reaction to light slow; pulse
rate elevated; blood pressure elevated; body temperature elevated. Other characteristic
indicators may include excessive activity, increased alertness, talkativeness, irritability,
argumentativeness, nervousness, body tremors, anxiety, redness to nasal area and runny
nose.

Panel’s Assessment of Driving Risks: Single low doses of cocaine may improve mental
and motor performance in persons who are fatigued or sleep deprived, however, cocaine
does not necessarily enhance the performance of otherwise normal individuals. Cocaine
may enhance performance of simple tasks but not complex, divided-attention tasks such
as driving. Most laboratory studies have been limited by the low single doses of cocaine
administered to subjects. At these low doses, most studies showed performance
enhancement in attentional abilities but no effect on cognitive abilities. Significant
deleterious effects are expected after higher doses, chronic ingestion, and during the crash
or withdrawal phase.
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Dextromethorphan
Dextromethorphan is a white powder. Available primarily in tablet, capsule and liquid
form.

Synonyms: 3-methoxy-17-methyl-9¢, 130, 14 a-morphinan hydrobromide
monohydrate; dextromethorphan hydrobromide, DXM, “robbo tripping”; Anaplex-DM®,
Diabe-Tuss DM™, Benylin®, Pertussin®, Delsym®, Sucrets®, Bromfed-DM®,
Robitussin®, Vicks Formula 44, etc.

Source: Synthetic analog of codeine and d-isomer of 3-methoxy-N-methymorphinan.
Available as lozenges, capsules, tablets, and cough syrups, in a variety of prescription
medications and over-the-counter cough and cold remedies. Products contain
dextromethorphan alone or in combination with guaifenesin, brompheniramine,
pseudoephedrine, phenylephrine, promethazine, codeine, acetaminophen, and/or
chlorpheniramine. For example, Diabe-Tuss DM™ syrup contains 15 mg
dextromethorphan; Benylin® Adult and Pediatric contain 15 mg and 7.5 mg
dextromethorphan, respectively; and Anaplex-DM® contains 30 mg dextromethorphan, 4
mg brompheniramine and 60 mg pseudoephedrine.

Drug Class: Non-opioid antitussive, cough suppressant, CNS depressant (in high
doses).

Medical and Recreational Uses: Used as an antitussive for temporary relief of coughs
caused by minor throat and bronchial irritation. Recreationally used for effects ranging
from mild stimulation and intoxication, to dissociation.

Potency, Purity and Dose: As an antitussive, the recommended dosage for adults and
children aged 12 years and older is 60-120 mg daily in divided doses; for children aged 6-
12 years, 30-60 mg daily in divided doses; and for children aged 2-6 years, 15-30 mg
daily in divided doses. Each brand contains different quantities of dextromethorphan,
generally 20-30 mg per dose, and the majority contain other drugs as previously
mentioned. Approximate recreational doses are: threshold dose 80-90 mg; light 100-200
mg; common 200-400 mg; strong 400-600; and heavy dose 600-1500 mg.

Route of Administration: Oral.

Pharmacodynamics: Dextromethorphan acts centrally to elevate the threshold for
coughing, and has no significant analgesic or sedative properties at antitussive doses. It is
proposed that dextromethorphan is a glutamate and NMDA antagonist, and blocks the
dopamine reuptake site. It may also increase SHT 4 activity possibly via NMDA
antagonism.

Pharmacokinetics: Dextromethorphan is rapidly absorbed from the gastrointestinal tract
and peak plasma concentrations are reached in approximately 2.5 hours.
Dextromethorphan is widely distributed, and is rapidly and extensively metabolized by
the liver. Dextromethorphan is demethylated to dextrorphan, an active metabolite, and to
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3-methoxymorphinan and 3-hydroxymorphinan. It is primarily excreted as unchanged
parent drug and dextrorphan.

Molecular Interactions / Receptor Chemistry: The cytochrome P450 2D6 isoenzyme is
responsible for the conversion of dextromethorphan to dextrorphan; and P450 3A4 and
3AS isoenzymes are responsible for converting dextromethorphan to
3-methoxymorphinan and 3-hydroxymorphinan. Potential inhibitors of these isoenzymes
could decrease the rate of dextromethorphan elimination if administered concurrently,
while potential inducers could increase the rate of elimination.

Blood to Plasma Concentration Ratio: Data not available.

Interpretation of Blood Concentrations: A single 20 mg oral dose of dextromethorphan
produced peak concentrations of 1.8 ng/mL in serum after 2.5 hours. Chronic oral dosing
of 120 mg daily, in divided doses, resulted in peak plasma dextromethorphan
concentrations of 0.5-5.9 ng/mL (mean 2.4 ng/mL) in extensive metabolizers, and 182-
231 ng/mL (mean 207 ng/mL) in poor metabolizers.

Interpretation of Urine Test Results: In a 24 hour period, less than 2.5% of a dose is
excreted unchanged in the urine, while up to 30% of the conjugated dextrorphan is
excreted.

Effects: At recommended doses, dextromethorphan produces little or no CNS
depression. At recreational doses, positive effects may include acute euphoria, elevated
mood, dissociation of mind from body, creative dream-like experiences, and increased
perceptual awareness. Other effects include disorientation, confusion, pupillary dilation,
and altered time perception, visual and auditory hallucinations, and decreased sexual
functioning. Recreational doses of approximately 100-200 mg have a mild, stimulant
effect (likened to MDA); doses of 200-500 mg produce a more intoxicating effect
(likened to being ‘drunk and stoned’); 500-1000 mg may result in mild hallucinations and
a mild dissociate effect (likened to a low dose of ketamine) and an overall disturbance in
thinking, senses and memory; while doses over 1000 mg may produce a fully dissociative
effect (likened to a high dose of ketamine). Recreationally abused doses are capable of
impairing judgment, memory, language, and other mental performances.

Side Effect Profile: Adverse effects with recommended antitussive doses are rare.
However, nausea, other gastrointestinal disturbances, slight drowsiness and dizziness can
occur. Following acute doses of between 250-1500 mg, the following clinical and
overdose symptoms have been reported: excitation, nausea, vomiting, drowsiness,
dizziness, blurred vision, nystagmus, dilated pupils, body itching, rash, ataxia, sweating,
hot/cold flashes, fever, hypertension, shallow respiration, urinary retention, diarrhea,
opisthotonos (spasm where head and heels are bent back, and torso is bent forward), toxic
psychosis (hyperactivity, marked visual and auditory hallucinations), coma, and an
increase in heart rate, blood pressure and body temperature. Side effects can be serious if
very large doses of the combined preparations are ingested; for example, guaifenesin and
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dextromethorphan can cause severe nausea and vomiting; chlorpheniramine and
dextromethorphan can cause seizure, loss of consciousness and bleeding.

Duration of Effects: Dextromethorphan exerts its antitussive effects within 15-30
minutes of oral administration. The duration of action is approximately 3-6 hours with
conventional dosage forms.

Tolerance, Dependence and Withdrawal Effects: At recommended antitussive doses,
addiction does not occur. Mild psychological dependence and depression may occur with
regular use of increased doses. Abrupt discontinuation of higher doses may produce
insomnia, dysphoria and depression. Poor metabolizers of dextromethorphan have been
shown to tolerate lower doses of the drug compared to extensive metabolizers, and report
greater sedation, dysphoria and psychomotor impairment. Preliminary evidence also
suggests that extensive metabolizers may report a greater dextromethorphan abuse
potential due to the increased rate of metabolism to the active metabolite dextrorphan.

Drug Interactions: Should not be taken with Monoamine Oxide Inhibitors (MAOIs)
and Selective Serotonin Reuptake Inhibitors (SSRIs) because of an apparent serotonin
syndrome (fever, hypertension, arrhythmias). Should be used with caution in atopic
children due to histamine release. Additive CNS depressant effects when co-administered
with alcohol, antihistamines, psychotropics, and other CNS depressant drugs.

Performance Effects: Minimal at therapeutic levels, however, with high doses one can
expect gross cognitive and psychomotor impairment.

Effects on Driving: Little to no effect at therapeutic levels, however with high doses
one could expect significant impairment. The drug manufacturer states that the combined
preparation of promethazine and dextromethorphan may cause marked drowsiness or
impair the mental and/or physical abilities required for the performance of potentially
hazardous tasks, such as driving a vehicle. Patients should be told to avoid engaging in
such activities until it is known that they do not become drowsy or dizzy. Similar effects
could be seen with other combined dextromethorphan preparations.

DEC Category: CNS depressant

DEC Profile: Data not available; however, the profile for a CNS depressant is:
horizontal gaze nystagmus present; vertical gaze nystagmus present at high doses; lack of
convergence present; pupil size normal to dilated; reaction to light slow; pulse rate down;
blood pressure down; body temperature normal. Such effects are more likely to be seen
following recreational doses of dextromethorphan.

Panel’s Assessment of Driving Risks: Minimal to no risk at therapeutic levels.
Potentially mild to moderate driving risk with higher recreational use.

References and Recommended Reading:
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Diazepam
Diazepam is a colorless, crystalline compound. Available primarily in tablet or liquid
form.

Synonyms: 7-chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one;
Valium®, Valrelease®, Vazepam®, Diaz Intensol®, Diastat®, Dizac®.

Sources: Diazepam is a Schedule IV controlled substance and is available by
prescription in tablet, gel and injectable form. Valium® tablets are white (2 mg), yellow
(5 mg) or blue (10 mg) round tabs with a cut out “V” design. Valium® Injectable is
available in 5 mg/mL strength liquid.

Drug Class: Tranquilizer, sedative, CNS depressant.

Medical and Recreational Uses: Used medicinally in the management of anxiety
disorders, as an adjunct for the relief of skeletal muscle spasm and for convulsive
disorders/status epilepticus, and as a minor tranquilizer or sedative. Also used to suppress
or dampen acute alcohol withdrawal, and anxiety-related gastrointestinal disorders such
as stress ulcers. Diazepam is used recreationally as a sedative or to enhance the effects of
alcohol or opioids. For example, administration of diazepam 30 minutes after a dose of
oral methadone reportedly produces an augmented high. Diazepam is used by cocaine
users to increase seizure threshold and by heroin users to enhance the effects of heroin,
and by both of these users to reduce the impact of withdrawal symptoms between doses.

Potency, Purity and Dose: Commonly prescribed doses of Valium® are 5-40 mg daily.
For anxiety, 2-10 mg is taken twice to four times daily; for alcohol withdrawal symptoms
10 mg is taken three to four times daily. For the injectable form, 2-20 mg is administered
intramuscularly or intravenously. Street doses may consist of several tablets administered
at once.

Route of Administration: Usually oral, but intravenous injection is possible after
preparing a solution from crushed tablets. Commercially available liquid Valium® can be
injected, and gel forms can be rectally administered.

Pharmacodynamics: Diazepam is a 1,4-benzodiazepine, which binds with high affinity
to the GABA 4 receptor in the brain to reduce arousal and to affect emotions. Diazepam’s
action causes an increase in affinity of the major inhibitory neurotransmitter, GABA.
GABA binds mainly to the o subunit while diazepam binds to the 3 subunit. The y
subunit is also essential for modulation of chloride transport by benzodiazepines.
Diazepam increases chloride transport through ion-channels and ultimately reduces the
arousal of the cortical and limbic systems in the CNS. Diazepam depresses the electrical
after-discharge in the amygdala and hippocampus regions of the limbic system that affect
emotions.

Pharmacokinetics: Diazepam is rapidly absorbed. Oral bioavailability is approximately
100%, and close to 99% is bound in plasma. The half-life of diazepam is 43+13 hours,
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but ranges from 40-100 hours if the contribution from active metabolites is included.
Diazepam is metabolized to nordiazepam which is an active metabolite with a half-life of
40-99 hours. Temazepam and oxazepam are minor active metabolites of diazepam.
Diazepam is excreted in urine mainly as oxazepam conjugate (~33 %), and temazepam
conjugate, with only traces of diazepam and nordiazepam.

Molecular Interactions / Receptor Chemistry: Diazepam is demethylated to
nordiazepam via P450 2C19 and 3A4; and 3-hydroxylation to temazepam and oxazepam
occurs via P450 3A4. Potential inhibitors of 2C19 and 3A4 could decrease the rate of
diazepam elimination if administered concurrently, while potential inducers of these
isoenzymes could increase the rate of elimination.

Blood to Plasma Concentration Ratio: 0.55 and 0.70 reported; 0.59 for nordiazepam.

Interpretation of Blood Concentrations: Simple interpretation of blood concentrations
without any knowledge of drug-taking history is ill advised. Given changing responses
with repeated use and variability in response, blood concentrations will not provide a
good indication of likely behavioral effects. Additionally, the long half-life of diazepam
may cause accumulation to occur with repeated use. Blood concentrations may be
several-fold higher after chronic use compared to single use, and there are significant
increases in blood levels in the elderly

Therapeutic blood concentrations typically range from 0.1-1.0 mg/L. Single oral
doses of 10 mg result in diazepam concentrations of 0.2-0.6 mg/L at 0.5-2 hours, while
chronic doses of 30 mg produce steady state diazepam concentrations of 0.7-1.5 mg/L.
and nordiazepam concentrations of 0.35-0.53 mg/L. Plasma concentrations of 0.3-0.4
mg/L are recommended for anxiolytic effects, and > 0.6 mg/L for control of seizures.
Higher concentrations might suggest misuse or abuse.

Interpretation of Urine Test Results:  Urine concentrations of metabolites are detectable
for several days to weeks after last use. Urinary excretion of unchanged drug is less than
1%.

Effects: Atlow doses, diazepam is a moderate tranquilizer, causing sleepiness,
drowsiness, confusion, and some loss of anterograde memory. At high doses, excitement,
disinhibition, severe sedation, and effects on respiration occur, particularly if respiration
is impaired by other drugs or by disease. Diazepam can produce a state of intoxication
similar to that of alcohol, including slurred speech, disorientation, and drunken behavior.

Side Effect Profile: Side effects may include dry mouth, blurred or double vision,
headache, vertigo, urinary retention, excessive perspiration, nausea and vomiting, ataxia,
tremor, depression, hypotension and diminished reflexes. The elderly are more likely to
develop significant adverse CNS effects from the use of diazepam. In overdose,
paradoxical reactions of anxiety, insomnia, stimulation, hallucination, and acute
hyperexcited state may occur. Shallow breathing, clammy skin, dilated pupils, weak and
rapid pulse, coma, and death are possible.
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Duration of Effects: Dose-dependent, however, with therapeutic doses onset of effects
occurs within 30 minutes and significant effects can last for 12-24 hours.

Tolerance, Dependence and Withdrawal Effects: Regular use will produce tolerance to
most of the sedative and adverse effects, but tolerance may not occur for the anxiolytic
benefits of diazepam. Tolerance may take several weeks or months to develop depending
on dose and frequency of administration. Diazepam is capable of causing mild physical
and psychological dependence and is regarded as having a significant abuse potential.
Abstinence or abrupt withdrawal may produce excitement, restlessness, dysphoria,
anxiety, apprehension, fearfulness, dizziness, headache, muscle stiffness, tremors,
insomnia, and sensitivity to light and sound. More severe symptoms may include intense
rebound nausea, vomiting, abdominal cramps, delirium, hallucinations, hyperthermia,
sweating, panic attacks, confusional or paranoid psychoses, tachycardia, increased blood
pressure, and occasionally seizures or convulsions.

Drug Interactions: Other benzodiazepines, alcohol, phenothiazines, narcotic analgesics,
barbiturates, MAOI’s, and other CNS depressants may potentiate action of diazepam.
Alcohol enhances such effects as drowsiness, sedation, and decreased motor skills, and
can also exacerbate the memory impairing effects of diazepam. Cimetidine delays
clearance of diazepam. Valproate may potentiate the CNS depressant effects.
Theophylline has an antagonistic action to some of the deleterious effects of diazepam.

Performance Effects: Laboratory studies have shown that single doses of diazepam (5-
20 mg) are capable of causing significant performance decrements, with maximal effect
occurring at approximately 2 hour post dose, and lasting up to at least 3-4 hours.
Decreases in divided attention, increases in lane travel, slowed reaction time (auditory
and visual), increased braking time, decreased eye-hand coordination, and impairment of
tracking, vigilance, information retrieval, psychomotor and cognitive skills have been
recorded. Lengthened reaction times have been observed up to 9.5 hours post dose.
Lethargy and fatigue are common, and diazepam increases subjective perceptions of
sedation. Such performance effects are likely to be exacerbated in the elderly. In drug
users, diazepam has greater behavioral changes, including subjects’ rating of liking and
decrements in psychomotor and cognitive performance. Reduced concentration, impaired
speech patterns and content, and amnesia can also be produced, and diazepam may
produce some effects that may last for days. Laboratory studies testing the effect of
ethanol on subjects already using benzodiazepines demonstrate further increases in
impairment of psychomotor and other driving skills, compared to either drug alone.

Effects on Driving: The drug manufacturer suggests patients treated with diazepam be
cautioned against engaging in hazardous occupations requiring complete mental alertness
such as driving a motor vehicle. Simulator and driving studies have shown that diazepam
produces significant driving impairment over multiple doses. Single doses of diazepam
can increase lateral deviation of lane control, reduce reaction times, reduce ability to
perform multiple tasks, decrease attention, adversely effect memory and cognition, and
increase the effects of fatigue. Significant impairment is further increased when diazepam
is combined with low concentrations of alcohol (0.05 g/100 mL). A number of
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epidemiological studies have been conducted to evaluate the risk of crashes associated
with the use of diazepam and other benzodiazepines. These show a range of relative risk,
but most demonstrate increases in risk compared to drug free drivers. These increases
have been twice to several fold. The elderly may have an increased risk of a motor
vehicle crash.

DEC Category: CNS depressant

DEC Profile: Horizontal gaze nystagmus present; vertical gaze nystagmus present in
high doses; lack of convergence present; pupil size normal; reaction to light slow; pulse
rate down; blood pressure down; body temperature normal. Other characteristic
indicators may include behavior similar to alcohol intoxication without the odor of
alcohol, staggering and stumbling, lack of balance and coordination, slurred speech,
disorientation, and poor performance on field sobriety tests.

Panel’s Assessment of Driving Risks: The incidences of diazepam in drivers involved
in road crashes and in drivers suspected of being under the influence, suggest an adverse
effect of diazepam on road safety. Data are available to demonstrate that single
therapeutic doses of diazepam can significantly impair psychomotor skills associated
with safe driving, with some effects still observable the morning after a nighttime dose.
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Diphenhydramine
Diphenhydramine is a white, crystalline powder. Available primarily in tablet, capsule
and liquid form.

Synonyms: 2-(diphenylmethoxy)-N,N-dimethylethylamine hydrochloride;
diphenhydramine hydrochloride; Benadryl®, Unisom® Sleepgels, Dytuss®,
Dramamine®.

Source: Available in capsules, tablets, chewable tablets, syrups, elixirs, topical, and
injectable forms in a variety of prescription and over-the-counter medications. Products
contain diphenhydramine alone or in combination with other drugs such as
pseudoephedrine and acetaminophen. Diphenhydramine is also an ingredient in several
Tylenol® (i.e., acetaminophen) preparations. Dimenhydrinate (Dramamine®) is a
combination of diphenhydramine and 8-chlorotheophylline in equal molecular
proportions.

Drug Class: Antihistamine, antiemetic, sleep aid, sedative, CNS depressant.

Medical and Recreational Uses: Used as an antihistamine for the temporary relief of
seasonal and perennial allergy symptoms. Diphenhydramine is also used as a sleep aid
and a cough suppressant, and has been used as a centrally acting antitussive although the
mechanism for this action is unclear. Dramamine is used as a prophylaxis against and for
the treatment of motion sickness.

Potency, Purity and Dose: As an antihistamine, recommended doses for adults is 25-50
mg diphenhydramine every 6-8 hours, not to exceed 50-100 mg every 4-6 hours. For
children, 12.5-25 mg three or four times daily is recommended. As a sleep aid the dose is
50 mg at bedtime. Adults can be given 10-50 mg intravenously or intramuscularly, up to
a maximum daily dose of 400 mg.

Route of Administration: Oral, injected, and topical applications.

Pharmacodynamics: Diphenhydramine is a first generation antihistamine and is a H;
receptor antagonist. Antagonism is achieved through blocking the effect of histamine
more than blocking its production or release. Diphenhydramine inhibits most responses
of smooth muscle to histamine and the vasoconstrictor effects of histamine. The
antagonism may also produce anticholinergic effects, antiemetic effects, and significant
sedative side effects.

Pharmacokinetics: Following oral administration diphenhydramine is well absorbed
from the gastrointestinal tract, is widely distributed throughout the body, and is able to
pass though the blood-brain barrier. The oral availability is 61%, and 78% is bound in
plasma. Peak plasma concentrations are reached in 2-3 hours. Diphenhydramine is
metabolized to nordiphenhydramine (active metabolite), dinordiphenhydramine, and
diphenylmethoxyacetic acid. The plasma half-life is 8.5+3.2 hours; shorter and longer
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half-lives have been reported for children and elderly subjects, respectively. Urinary
excretion of unchanged diphenhydramine is 1.9%.

Molecular Interactions / Receptor Chemistry: Diphenhydramine is metabolized via
cytochrome P450 2D6 isoenzyme. Potential inhibitors of P450 2D6 could decrease the
rate of drug elimination if administered concurrently, while potential inducers could
increase the rate of drug elimination.

Blood to Plasma Concentration Ratio: 0.77 and 0.82 reported.

Interpretation of Blood Concentrations: Following a single oral dose of 50 mg,
average peak plasma concentrations of 83 ng/mL diphenhydramine were detected at 3
hours, declining to 9 ng/mL by 24 hours. A single oral 100 mg dose resulted in average
peak plasma concentrations of 112 ng/mL at 2 hours post dose. Effective antihistamine
concentrations are greater than 25 ng/mL, drowsiness can be observed at 30-40 ng/mL,
and mental impairment may be observed with concentrations above 60 ng/mL.

Interpretation of Urine Test Results: Less than 2% of an oral dose is excreted in the 24
hour urine as unchanged parent drug, while approximately 11% is eliminated as its
glucuronide conjugate.

Effects: First generation H; antagonists can both stimulate and depress the CNS.
Stimulation results in restlessness, nervousness and inability to sleep, while depressive
effects include diminished alertness, slowed reaction time and somnolence.
Diphenhydramine is particularly prone to cause marked sedation. Drowsiness, reduced
wakefulness, altered mood, impaired cognitive and psychomotor performance may also
be observed.

Side Effect Profile: Includes agitation, anticholinergic side effects such as dry mouth,
confusion, dizziness, drowsiness, fatigue, disturbed coordination, irritability, paresthesia,
blurred vision, and depression. In overdose, symptoms may include excitement, ataxia,
tremor, sinus tachycardia, fever, hallucination, athetosis, convulsions or seizures,
hypotension, deep coma, cardiorespiratory collapse, and death. Fixed and dilated pupils
are also observed. Gastrointestinal symptoms are less with diphenhydramine than with
other H; antagonists.

Duration of Effects: Dose-dependent, however, following oral administration of
therapeutic doses, peak plasma concentrations are reached in 2-3 hours and effects
usually last 4-6 hours.

Tolerance, Dependence and Withdrawal Effects: Some tolerance may develop to the
sedative effects of diphenhydramine with repeated oral dosing. No reported dependence

or withdrawal effects with doses recommended.

Drug Interactions: Effects of diphenhydramine are increased by the presence of
alcohol, MAOT’s, diazepam, hypnotics, sedatives, tranquilizers, and other CNS
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depressants. Alcohol enhances such effects as drowsiness, sedation and decreased motor
skills. These decrements in effect are more pronounced in the elderly.
MAQOT’s prolong and intensify the anticholinergic effects of diphenhydramine.

Performance Effects: All first generation antihistamines, including diphenhydramine,
have been demonstrated to diminish cognitive and psychomotor performance in healthy
volunteers. Impairment might even be of greater clinical significance in patients when the
allergic disorder per se adversely affects CNS function, as suggested in studies in which a
reduction in cognitive functioning in patients was exacerbated by diphenhydramine.
Laboratory studies have shown diphenhydramine to decrease alertness, decrease reaction
time, induce somnolence, impair concentration, impair time estimation, impair tracking,
decrease learning ability, and impair attention and memory within the first 2-3 hours post
dose. Significant adverse effects on vigilance, divided attention, working memory, and
psychomotor performance have been demonstrated. It is important to note that
impairment has been shown to occur even in the absence of self-reported sleepiness or
sedation. Concurrent use of diazepam and diphenhydramine caused significant
performance decrements at 2 hours, and to some degree up to 4 hours.

Effects on Driving: The drug manufacturer states that patients should be warned about
engaging in activities requiring mental alertness such as driving a car. Diphenhydramine
has repeatedly been shown to severely impair tracking and reaction time performance in
actual on-the-road driving tests. Single doses of 50 mg have been shown to cause
significant impairment during a 90 km highway test (measuring vehicle following,
constant speed and lateral position). In contrast, single 25-100 mg doses caused no
significant driving effects during a short 15 minute driving test. Using the lowa Driving
Simulator, Weiler et al, 2000 compared the effects of a single oral dose of 50 mg
diphenhydramine to the effects corresponding to a blood alcohol concentration of 0.1
g/100 mL. Diphenhydramine caused significantly less coherence (ability to maintain a
constant distance) and impaired lane keeping (steering instability and crossing center
line) compared to alcohol. Overall driving performance was the poorest after taking
diphenhydramine, and participants were most drowsy after taking diphenhydramine
(before and after testing). The authors concluded that diphenhydramine clearly impairs
driving performance, and may have an even greater impact than does alcohol on the
complex task of operating a motor vehicle.

DEC Category: CNS depressant

DEC Profile: Data not available; however, the profile for a CNS depressant is:
horizontal gaze nystagmus present; vertical gaze nystagmus present at high doses; lack of
convergence present; pupil size normal; reaction to light slow; pulse rate normal; blood
pressure normal; body temperature normal. Diphenhydramine may produce dilated
pupils.

Panel’s Assessment of Driving Risks: Single therapeutic doses of diphenhydramine

have been shown to significantly impair psychomotor performance during the first 4
hours, and may have a greater impact on driving performance than alcohol.
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Gamma-Hydroxybutyrate (GHB, GBL, and 1,4-BD)

GHB is a clear liquid, or a white powder with a soap-like texture. Precursor drugs such as
gamma-butyrolactone (GBL) and 1,4 butanediol (1,4-BD) are clear liquids.

Synonyms:

GHB: Sodium oxybate, Xyrem® oral solution; liquid X, liquid XTC, salt water, scoop,
soap, grievous bodily harm, georgia home boy, G, G-caps, easy lay, everclear,
vita G, degreaser + lye, smart drug, gamma-OH, Somatomax.

GBL: 2(3)-furanone dihydro; Blue Nitro, G3, Invigorate, Jolt, ReActive, REMForce,
RenewTrient, Rest-eze, Revivarant, Verve, V35.

1,4-BD: tetramethylene glycol; Amino Flex, Enliven, FX, GHRE, Inner G, NRG3,
Pine Needle Extract, Revitalize, Serenity, SomatoPro, Thunder Nectar, Zen.

Source: GHB was first synthesized in 1960 as an experimental GABA analog, and was
classified as a food and dietary supplement and sold in health food stores in early 1990. It
was available in tablet, capsule and liquid forms. In late 1990, the FDA banned over-the-
counter sales of GHB in the U. S. In 1999, the FDA issued warnings on the dangers of its
precursor drugs GBL and 1,4-BD. In early 2000, GHB was federally reclassified as a
Schedule 1 controlled substance. GBL and 1,4-BD are not scheduled, however, GBL is
classified as a list 1 chemical and a controlled substance analog, while 1,4-BD is listed as
a controlled substance analog. GHB can be clandestinely made and the ingredients are
available in kit form over the internet. GHB is made from GBL and a base (e.g.
lye/NaOH), the mixture is heated, and vinegar is added to reduce the pH. Acetone can
then be added and the mixture dried, resulting in GHB powder. GBL and 1,4-BD are
commercially available as industrial solvents and are used as ingredients in cleaners,
solvents, paint removers, and engine degreasers. They are also sold as “natural
supplements” over the internet, and in some health food stores and gymnasiums, and are
marketed as natural, non-toxic dietary supplements.

Drug Class: CNS depressant, sedative, anesthetic.

Medical and Recreational Uses: In Europe, GHB is used as an anesthetic adjunct and
hypnotic agent, used to treat narcolepsy, and used to suppress symptoms of alcohol-
dependence and opiate withdrawal syndrome. In the U. S., medically formulated sodium
oxybate (Xyrem®) has been approved as a Schedule III controlled substance for the
treatment of cataplexy (sudden loss of muscle tone associated with narcolepsy).
Recreationally, GHB is used for its intoxicating effects (euphoria, reduced inhibitions,
sedation), and by bodybuilders as an alternative to anabolic steroids. GBL and 1,4-BD
rapidly convert to GHB within the human body following oral administration and are
taken as GHB substitutes. They are marketed as anti-aging drugs, for weight loss, to treat
insomnia, anxiety and depression, and as mood enhancers and energizers.

Potency, Purity and Dose: Clinical doses for alcohol withdrawal syndrome are 25-50
mg/kg every 12 hours (1.7-3.5 g/70 kg); sleep induction 20-30 mg/kg (1.5-2.25 g/70 kg);
prolonged deep sleep 75-100 mg/kg (5-7 g/70 kg); and anesthetic induction greater than
100 mg/kg (> 7 g/70 kg). Illicit manufacture often introduces impurities and wide
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variations in potency. Recreational use of GHB often involves doses well in excess of
one teaspoon (~2.5 g, or 35 mg/kg in a 70 kg adult) of the powder dissolved in
water/alcohol, or one capful of liquid GHB, GBL, or 1,4-BD; such doses far exceed
therapeutic doses. Chronic use can consist of dosing every few hours, around the clock,
for months to years. Up to 100 g GHB has been reportedly used by an individual in one
day. GHB and its precursor drugs are often used in combination with alcohol, MDMA,
marijuana, methamphetamine, and cocaine.

Route of Administration: Oral, intravenous.

Pharmacodynamics: GHB is a naturally occurring compound present in both
mammalian CNS and peripheral tissue. It is also a minor metabolite and precursor of the
major inhibitory neurotransmitter GABA. GHB is also the pharmacologically active form
of both GBL and 1,4-BD. GHB has weak agonist activity at GABAg receptors and there
appears to be a distinct GHB receptor site in the brain. GHB dose-dependently alters
dopaminergic activity; at sub-anesthetic doses there is an initial excitation of dopamine
neurons producing elevated levels of synaptic dopamine; at anesthetic doses GHB blocks
impulse flow from dopamine neurons resulting in a build-up of dopamine in the nerve
terminals. GHB mimics natural physiological sleep, enhances REM sleep, and increases
stage 3 and 4 of slow-wave sleep. GHB decreases alcohol consumption and intensity of
withdrawals. Beyond the CNS effects, GHB has significant cardiovascular
pharmacology, causing bradycardia and dysregulation of blood pressure (hyper- and
hypotension). Interestingly, GHB causes a detectable increase in growth hormone and
prolactin concentrations with doses as small as 3 g, and this is the basis for its use in body
building despite there being no evidence of an actual increase in body mass.

Pharmacokinetics: Oral doses are rapidly absorbed from the gastrointestinal tract and
exhibit first pass metabolism. Absorption is capacity limited (an increase in dose results
in increased time to peak concentration). There is an increased rate of absorption of GHB
on an empty stomach leading to a decreased time to peak concentration and an increased
concentration. Accumulation is not known to occur following repeated doses. GHB
readily crosses the blood-brain barrier and placental barrier, and is distributed in the
brain, cerebrospinal fluid, vitreous, liver, and kidney. The dose-response curve is steep,
and a large between and within subject variability is noted. GHB is rapidly eliminated
and has a half-life of 27 minutes (range 20-53 minutes) which appears to increase with
higher doses, a sign of zero order or saturation kinetics. GHB is metabolized to succinic
semialdehyde (SSA) via GHB-dehydrogenase, then to succinic acid via SSA-
dehydrogenase. GBL is metabolized to GHB via lactonase; while 1,4-BD is first
metabolized to y-hydroxybutyraldehyde via alcohol dehydrogenase, then to GHB via
aldehyde dehydrogenase.

Molecular Interactions / Receptor Chemistry: Metabolism via cytochrome P450
isoenzymes has not been described.

Blood to Plasma Concentration Ratio: 1.2 (N=1)
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Interpretation of Blood Concentrations: Peak plasma concentrations are observed at
20-45 minutes. Due to rapid elimination, GHB is undetectable in plasma or blood after
6-8 hours. Following single oral doses of 25 mg/kg GHB in 10 alcoholic dependant
patients, mean peak plasma GHB concentrations were 54 mg/L (24-88 mg/L). Single oral
doses of 12.5, 25, and 50 mg/kg in 8 healthy subjects produced mean peak plasma GHB
concentrations of 23, 46 and 80 mg/L, respectively. Single oral doses of 26-52 mg/kg in 6
narcoleptic patients resulted in mean peak plasma GHB concentrations of 63 mg/L (30-
102 mg/L). The same doses were administered to the same subjects 4 hours later, and the
mean peak GHB concentrations obtained were 91 mg/L (47-125 mg/L). An intravenous
dose of 50 mg/kg in an adult produced a peak blood GHB concentration of approximately
170 mg/L within 15 minutes. Patients presenting to an emergency department with GHB
overdose/intoxication, had blood GHB concentrations ranging from 29-432 mg/L (mean
118 mg/L; N = 54).

Although GHB is naturally present in the human body, endogenous blood GHB
concentrations are typically well below 1 mg/L in living subjects. In contrast, endogenous
postmortem production of GHB can occur, and concentrations of up to 170 mg/L GHB
have been reported in non-GHB using subjects. In postmortem analysis the analysis of
multiple specimens such as vitreous and urine is recommended.

Interpretation of Urine Test Results: Peak urine concentrations are observed within 4
hours of administration and GHB is undetectable in urine after 10-12 hours. Endogenous
concentrations of up to ~7 mg/L. GHB have been detected in urine of non-GHB using
subjects. It is suggested that a cut-off for urinary GHB be set at 10 mg/L. Similarly, in
postmortem urine specimens from non-GHB using subjects, urine concentrations of GHB
are typically below 10 mg/L.

Effects:

Psychological: At low doses, effects are similar to those seen with alcohol. Effects
include relaxation, reduced inhibitions, euphoria, confusion, dizziness, drowsiness,
sedation, inebriation, agitation, combativeness, and hallucinations.

Physiological: Nausea, vomiting, profuse sweating, somnolence, visual disturbances,
nystagmus, loss of peripheral vision, short-term amnesia, uncontrolled shaking or
seizures, bradycardia, hypothermia, suppression of gag reflex, respiratory depression, and
transient or unarousable unconsciousness.

Side Effect Profile: Disorientation, sweating, vomiting, incontinence, apnea, severe
ataxia, sinus bradycardia, twitching, seizure-like activity and hypothermia. In overdose,
symptoms may include severe respiratory depression, mild acute respiratory acidosis,
sinus bradycardia or sinus tachycardia, suppression of gag reflex, acute delirium,
combativeness, unarousable unconsciousness, coma, and patients often need to be
intubated. Deaths have been reported following overdose from GHB, GBL and 1,4-BD
alone, and in combination with other drugs.

Duration of Effects: Onset of effects occurs within 10-20 minutes, peak plasma

concentrations are achieved within 20-45 minutes, and effects generally last 2-5 hours.
Complete recovery from GHB overdose can occur within 3-6 hours. Sleep induction time
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is shortest with GBL and longest with 1,4-BD, as GBL is more lipophilic and is absorbed
faster. There is a longer duration of effect following 1,4-BD ingestion as it metabolizes
more slowly to GHB than does GBL.

Tolerance, Dependence and Withdrawal Effects: Tolerance can develop to GHB with
chronic abuse and even following chronic treatment. Subjects do not become tolerant to
all the effects (e.g. tolerance does not develop to the enhanced sleep that GHB produces).
Cross-tolerance exists between GHB and ethanol. Severe physical and psychological
addiction occurs with chronic abuse. Clinical presentation of withdrawal may include
mild clinical anxiety, confusion, agitation, tremor, muscular cramps, insomnia,
combativeness, delirium, delusions, paranoia with hallucinations (auditory, tactile and
visual), tachycardia, hypotension, and an occasional schizophrenic-like state. The
withdrawal syndrome can start as early as 1-2 hours after the last dose in addicted
individuals.

Drug Interactions: Potential additive effects between GHB and other sedating CNS
depressants, including alcohol, antidepressants, antipsychotics, antihistamines and muscle
relaxants. In rats, ethanol has significant synergistic effects on the sedative, behavioral
and toxic effects of GHB, GBL and 1,4-BD. Ethanol also delays the conversion of 1,4-
BD to GHB, because both 1,4-BD and ethanol utilize alcohol-dehydrogenase in their
metabolic pathways. Several drugs have been shown to inhibit GHB-dehydrogenase and
it is not known clinically what effects these drugs would have if administered
concurrently. These drugs include valproate, ethosuximide, salicylate, amobarbital,
phenytoin, disulfiram and cyanide.

Performance Effects: Oral GHB doses of 1-2 g have been shown not to deteriorate
reactive, attentive and co-ordination skills related to driving, nor increase the effects of
low dose alcohol. Similarly, oral doses of 12.5-25 mg/kg GHB had no effect on attention,
vigilance, alertness, short-term memory or psychomotor coordination; although dizziness
or dullness were experienced in 50-66% of subjects. It is important to note, however, that
doses used in laboratory studies to date have been well below both recreational and
abused doses of GHB.

Effects on Driving: Signs of behavioural effects and impaired performance have been
reported in several driving case reports. In 13 driving under the influence cases where
GHB was detected, the reported symptoms were generally those of a CNS depressant.
The subjects were typically stopped because of erratic driving, such as weaving, ignoring
road signs, and near-collisions. Common signs of impairment included confusion and
disorientation, incoherent speech, short-term memory loss, dilated pupils, lack of balance
and unsteady gait, poor coordination, poor performance of field sobriety tests, copious
vomiting, unresponsiveness, somnolence, and loss of consciousness. GHB concentrations
in blood specimens collected between 1-3.5 hours of the arrest ranged from 26-155 mg/L
(median 95 mg/L). In another 11 cases of